hearing, the use of audiometers was recommended for the ascertainment and measurement of deafness. Before the publication ofthat report audiometers were being regularly employed by the school medical service in London and in a number of other cities, towns, and county areas. In America laws have been enacted in the States of New York and Pennsylvania making audiometric tests of school children compulsory. Audiometers have been used in making a very extensive survey of the incidence of defective hearing amongst school children in New York City (Caplin, 1937 ). An early type of audiometer was used in the survey of American schools for the deaf, under the auspices of the National Research Council in 1924-25 (Day, Fusfeld, Pintner, 1928) . Audiometric tests have proved their worth in other specialized fields. A recently published paper describes the use of a pure-tone audiometer to detect the onset of deafness amongst aviators (Dickson, Ewing, Littler, 1939 ). It appears that they are liable to a form of occupational deafness which results in a typical curve for loss of hearing with greatest loss at or about the pitch of 4096 (C5). It is significant that this deafness is very readily recognized from the results of tests by pure-tone audiometer but not in its early stages by a whisper test.
A pure-tone audiometer was first put into regular use in our own department eleven years ago, not to detect deafness, but to find whether children known at that time as deaf and dumb, possessed any potential capacity to hear. Educational experiment had shown us that even when a deaf child could only be enabled to hear speech to a relatively small extent, the exploitation of that capacity in association with lip-reading was a better way of teaching him than lip-reading by itself could ever be. During the same period the employment of the thermionic valve in wireless receiving sets was soon followed by its use in hearing aid apparatus. Thus for the first time it was possible to amplify speech to high levels of loudness with a very good standard of accuracy. We carried out experiments to make sure that the use of powerful hearing aids was safe for patients with aural lesions, and to find at what levels of loudness they could hear best (Ewing, Ewing, Littler, 1936) . It was necessary to study all the factors involved in the essentially human capacity of hearing and understanding speech.
It is well known that the basic features of our telephone systems are the result of Alexander Graham Bell's efforts to make a hearing aid for his wife, who was deaf. The science of telephone engineering has more than repaid that debt to the deaf; valuable pioneer work has been done by other physicists and by psychologists, but audiometric methods of testing hearing and the greater part of our knowledge of the physical nature of speech sounds are due to research undertaken for the telephone industry.
An efficient pure-tone audiometer is an instrument of precision. Fresh evidence of this was given in a paper published by Dr. A. A. Hayden of Chicago in the Journal of the American Medical Association of August 13, 1938 . Tests of 22 patients were made with three audiometers, each of a different type and made by a different firm. The results, expressed in composite hearing curves, agreed closely. The extreme range of variation between the points on the curves at any one frequency below 4096 was 15 decibels. Above that frequency the threshold could not be reached in-every case. The observed variation in the results obtained was small. In part it may have been due to difference in the types of telephone used, rather than to difference in the calibration and output of the audiometers themselves. Some experiments by our lecturer in acoustics, Dr. T. S. Littler, have shown that when a telephone is applied to the ear resonance within the external auditory meatus must be taken into account (Littler, 1939) . There are two sources of variation in the resonating system thus formed. There are individual variations in the size and shape of the external auditory meatus and the volume of air enclosed 'depends also on the type of telephone used. The extent to which these factors influence the results of audiometric tests may be small but they call for further investigation.
Joint committees of otologists and physicists have been set up by the responsible authorities here and in the' United States to formulate standard specifications for audiometers. Pending the issue of their reports it would not be right to pass over this question of the standardization of audiometers without saying that the work which they have undertaken was fully necessary. Good and reliable audiometers have been produced by firms with an able research staff. All the instruments offered for sale, however, are not by any means of equal merit. There is also the question of breakdowns. So long as the risk of these exists warning should be given by the makers about the most likely defects, which in the absence of technical information may pass unnoticed.
The classification of audiograms has naturally received much attention from investigators and in the main their conclusions agree. In our own Department we have made tests to compare the capacity of over 1,000 deaf patients to hear speech with measurements of their acuity for pure tones. On this basis two main types of audiogram are shown to be distinctive.
The first is that in which loss of acuity for sound heard by air conduction is either (1) approximately uniform throughout the range of pitch involved in speech, or (2) is greatest in the middle of that range. In either of these cases the essential feature as regards capacity to hear speech is that effective hearing for upper tones is retained. Hearing by bone conduction in such instances deviates less from normal, when measured by the decibel scale, than hearing by air. This type of audiogram has been recognized by medical investigators such as Dr. P. M. T. Kerridge (1937) in this country, and Dr..J. H. Jones working with Professor V. 0. Knudsen (1938) in America, as indicative of deafness due predominantly to middle-ear trouble, resulting in conductive loss.
The following hearing curves are those for the better ear, by air and by bone conduction, of one of the patients of this kind referred to our clinic from hospitals and by private doctors for advice about hearing aids and lip-reading. Results of hearing for speech tests are included with the patient's history. The methods used to make them will be discussed later. - With normal subjects listening in a sound-proof room a greater expenditure of energy is required to stimulate the sense of hearing by bone than by air. Dr. Littler and I have found that we could hear speech and music satisfactorily with bone conduction receivers connected to a high quality microphone and valve amplifier but that even in a sound-proof room the loudness level was appreciably raised by plugging the external meatus of both ears.
The second distinctive type of audiogram is that in which both air and bone conduction curves slope more or less steeply downwards from left to right of the chart because hearing loss is progressively greater the higher the pitch of the test sound used. Statistics about high-tone deafness have been published from Johns Hopkins Hospital, Baltimore (Crowe, Guild, Polvogt, 1934) . A loss of acuity exceeding 60 decibels at 4096was almost invariably followed by a pathological finding of damage in the inner ear in the basal turn of the cochlea. The following are curves, for air and bone conduction respectively, of the better ear of a patient of 15 years of age. The curves for the other ear are similar but rather worse. Own speech Very little and imperfect speech when first seen at 91 years of age. Individual tuition by means of lip-reading with hearing aid was then begun. Speech was approximately normal when tuition ceased at 17 years old.
It is noteworthy that patients with this type of audiogram often retain fairly good, sometimes even approximately normal, hearing for lower tones. Despite that there is always a limit to the accuracy with which they can be enabled to hear speech, even with the kind of aid that suits them best.
Besides these two distinctive types of audiograms there are many characteristic of what is sometimes described as mixed deafness. The air and bone conduction readings for lower and middle frequencies are approximately of the even loss kind, but deafness to upper tones is much more severe. Such audiograms are often obtained from tests of patients with an otological diagnosis of middle-ear disease and a history of long-standing deafness.
There is a technique which we have found useful for determining the extent of any patient's capacity to hear speech. It combines (a) information taken from his audiogram with (b) the results of standardized tests of his ability to hear vowels and consonants in syllables.
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This procedure was originally founded on the results of investigations in connexion with telephone engineering. By using sound filters in a high-quality telephone system, or in an electrical system for reproducing gramophone records, it is possible to limit the range of pitch over which sound is heard by the listener. It is readily demonstrable that suppression or much reduction of the loudness of sound in the upper half of the speech range interferes very seriously with the distinctness with which speech is heard. A voice is audible but the words are difficult to recognize.
The experience is somewhat like that of listening to someone talking in a distant room with the intervening door closed. Consonants suffer more than vowels, but vowels lose much of their characteristic quality.
Both are sounds of a complex nature, but vowels lend themselves more readily to 242 Proceedings of the Royal Socity of Mledicine 26 physical analysis. The type of diagram known as an acoustic spectrum is a particularly clear method of showing the results of this. Thus represented the components of the vowel EE, as in " eat ", are seen to extend over a range of from four to five octaves. The strongest components are produced below the frequency 600 and round about that of 2400. This pattern is characteristic of the vowel EE, irrespective of its utterance by a male or a female voice, of the fundamental tone on which the vowel is said or sung, and of features peculiar to the utterance of the individual speaker. Similarly the vowel AH as in " park " is distinguished primarily by a group of strong components at or about the frequency 1000
Suppression of their high-pitched components, say all those above 1000 -, destroys the most distinctive characteristics of certain vowels. The effect of similar suppression on consonants is even more drastic since, in the main, consonants are weak sounds of high pitch. Here then we have an explanation of the serious extent to which high-tone deafness reduces the capacity to hear speech.
By contrast, filtering out the low-pitched components in speech, below 1000 , leaves it still intelligible, although weak in intensity and chirrupy or reedy in quality.
It has been shown in Bell Telephone Laboratories that suppression of sound in speech above 1000 leaves it only 40% intelligible to listeners with normal hearing. The converse experiment,.suppression of components occurring below 1000 , affects its intelligibility hardly at all, it is still heard with an accuracy of 95% (Fletcher, 1929) .
Tables showing the average loudness levels of speech, music, and noise, in typical conditions, have been published from the National Physical Laboratories by Dr. G. W. Kaye (1937) and from other sources. The reference point of these tables is the loudness of a tone of 1000 as heard by normal listeners. They hold good for patients suffering from even or relatively even amounts of deafness throughout the speech range. Our first step on examining the audiogram of such a patient is therefore to note his hearing loss by air conduction in the better ear at 1000or 1024,. At this'level of pitch the average loudness of conversation as heard at a distance of one metre from the speaker varies from 40 to 70 decibels above the normal threshold of audibility. The extent of this variation is chiefly due to the great difference in loudness between the louder vowels and the weaker consonants. A patient with an audiogram of the even loss type and deafness amounting to 50 or 55 decibels at 1024 will probably fail to hear many of the weak components when listening with the unaided ear to conversation in a quiet room. In a motor car or in a train, speakers with normal hearing raise their voices the better to hear themselves speak. Usually they also talk more slowly and distinctly, thus in two ways the patient with even loss is helped to hear in a noisy environment.
The fundamental distinction between the effects of inability to hear lower and higher tones respectively holds good in conditions of deafness. A patient with a diagnosis of predominantly middle-ear defect and relatively uniform loss can hear speech with considerable accuracy provided that its loudness level is at least 30 decibels above his threshold of audibility. This accounts for the striking degree of benefit which such patients often obtain from the use of modern valve hearing-aids giving good reproduction of sound in the upper half of the speech range. The results of hearing for speech tests with Patient No. 1, given above, are a good illustration.
In high-tone loss, on the other hand, the accuracy with which the patient hears speech is reduced out of all proportion to the .diminution in its apparent loudness. He may hear a foghorn a mile distant but fail to follow average quiet conversation uttered 36 in. from his ear.
How drastic is the loss of capacity to hear speech which may result from hightone deafness is shown by the vowel and consonant scores of Patient No. 2. These also show, however, that a most valuable measure of alleviation was possible through the use of a suitable valve aid in combination with proficiency in lip-reading. It is 27 Section of Otology 243 noticeable that the combination of lip-reading with the aid gave far better results than either means of help by itself. There is an increase of the consonant score from 7% without the aid of lip-reading to 86% when both means of alleviation are allowed. This increase becomes all the more significant when the usual weightinig is applied to the consonant score. In connected speech consonants -occur much more often than vowels, and it has been found that a formula can be applied, the simplest version of which is I = VC2, where I is the percentage intelligibility of speech syllables, and V and C the percentage scores for vowels and consonants respectively.
In the condition described above as that of mixed deafness, loss of capacity to hear speech is a sum of the effects of the two factors, i.e. even or relatively uniform loss for lower and middle tones and a lesser or greater degree of high-tone deafness. Recent studies have been made of the elimination of auditory acuity which normally takes place with advancing age in individuals free from ear disease (Knudsen, 1937) . It is unfortunate from the speech point of view that hearing in the upper half of the speech range is most affected. Individuals belonging to the age-group 50 to 59 years, for instance, show an average loss of acuity of 15 decibels at 2048-and 30 decibels at 4096, Such loss, if unaccompanied by impairment due to any other cause, does not as a rule appreciably diminish capacity to hear conversation but it is a probable source of difficulty in a public hall or other auditorium, where acoustic conditions make it difficult in any case to hear the weaker consonants (Montgomery, 1932) . The combination, in cases of " mixed " deafness, of greater hearing loss than this for high tones with appreciable deafness to lower and middle tones added, results in conversation being imperfectly heard.
Finally, a brief reference should be made to methods of testing hearing for speech with the human voice itself. They are necessary in addition to audiometric tests for several reasons. Measurements Qf the patient's threshold of audibility do not always tell us essential facts about the response of his ears to sounds of normal conversational loudness. There is, for instance, the phenomenon which American workers have called " quality deafness ". Sound, in such cases, although heard, appears distorted. An organist, for example, who has become deaf reports that below middle C the sound of his instrument still appears normal. Above it the organ seems out of tune. To him tenor voices are still satisfactory but soprano singers appear out of tune.
To test a patient's capacity to hear speech is to test much more than his capacity to hear. Ability to follow what is said depends also on familiarity with the thought and vocabulary of the speaker. It involves the activity of the whole mind and is only possible as the result of past experience. We are all, of course, familiar enough with these facts through analysis of the difficulties which arise in telephone conversations. In listening on the telephone intelligence is brought into play, to relate imperfectly heard phrases or proper names to their context. Then, as in lipreading, a whole sentence generally offers more clues than a single word.
For this reason clinical tests of the capacity of deaf patients to hear speech, although needful, cannot be as precise in their results as those with a pure-tone audiometer. A trained worker in controlled acoustic conditions can obtain scores from voice tests indicating approximately the extent to which vowels and consonants are heard correctly. This procedure is invaluable as part of the basis for giving advice about the choice of a hearing-aid. The score obtained with the unaided ear can be compared with the scores obtained with different aids.
The selection of material for such tests is not easy. In the telephone industry nonsense syllables have proved to result in the most searching form of test (Fletcher and Steinberg, 1929) . When they are used the influence of context and of the mental factors generally is reduced to a minimum. Previous practice is needed, however, if a very high degree of accuracy is desired. In testing deaf patients some workers like Mr. D. B. Fry and Dr. Kerridge (1939) are using systematically prepared lists 244 Proceedings of the Royal Society of Medicine 28 of words and phrases. For this purpose we ourselves rely at present on a graduated test, beginning, with numbers, as a form of practice, followed by tables of simplified nonsense syllables and by connected speech at varying distances. But before any voice tests are made we first obtain the more precise measurements that are possible with a pure-tone audiometer. These measurements, we have found when interpreted by the principles which I have described, indicate clearly the patient's capacity to hear speech, and, as a rule, the type of aid most suitable for him.
Handicap of Deafness".
Mr. W. M. Mollison: It was hoped that the advent of the audiometer would solve all the previous difficulties and confusions of hearing tests. Previously tests for hearing had been at the caprice of the individual observer; for this reason the strictly comparable audiogram which expressed in a curve the quantitative loss of hearing was rightly hailed as an enormous step forward.
The audiometer, however, has some drawbacks; its range is limited at both ends of the scale. Its lowest tone is that of 64 d.v. or 128 d.v., and its highest 10,000. There are cases in which the loss of the lowest tones (16 or 32 d.v.) is the only sign of slight deafness, a condition sufficient to produce middle-ear vertigo, and occasionally the only sign of otosclerosis in an apparently sound ear, the disease having attacked one ear much earlier. Inability to test the upper end of the scale prevents the discovery of high-tone deafness; I refer particularly to those interesting cases of familial loss of hearing of the highest tones, with consequent inability to hear the sounds made by bats and by some birds, by various members of the family.
But the more serious objection to the audiometer lies in its lack of practical application. After all, the lack of perception and interpretation of spoken words is what interferes with social life, not the lack of hearing of pure tones. As the result of studying large numbers of audiograms it should be possible to state the amount of conversational disability in terms that the man in the street could appreciate. This is at present not the case without detailed analysis not easy for the otologist. The time is not ripe for the audiogram to be considered as a means of supplying, as it were, a diagnosis. Recently an aurist was asked to examine a man who was claiming 29 Section of Otology 245 compensation for deafness after an accident; his report took the form solely of the audiogram he had obtained. Not unnaturally, this report was of no value to the doctor and would have carried no weight with counsel, judge, or jury.
[Some audiograms were shown to illustrate difficulties of interpretation.]
Difference in hearing of the two ears is most important, and becomes specially so in high degrees of deafness, even though the difference is small. It is disappointing that this is not always shown in audiograms.
Mr. Terence Cawthorne: Those who work in very noisy surroundings, or whose ears are periodically subjected to extremely loud sounds, suffer from a gradual falling off in the acuity for high tones. Formerly this state of affairs was only recognized when the high-tone loss was sufficient to interfere with the appreciation of speech. The audiometer has enabled this high-tone loss to be detected at an early stage before it has interfered with the intelligibility of speech. This may mean that if adequate measures are taken to protect the ears against loud sounds deafness may be prevented; and I firmly believe that such measures if generally adopted will cause a remarkable decrease in the incidence of so-called senile deafness.
Although Dr. Ewing has clearly shown that an audiogram is a guide to the ability to distinguish speech sounds, we cannot therefore assume that other methods of testing the auditory apparatus are unnecessary. Any hearing loss revealed by an audiogram is based on the threshold of hearing. Such a loss does not necessarily indicate a corresponding loss for the threshold for speech any more than a diminution of the fight threshold for the eye indicates an inability to distinguish the printed word.
The pure-tone audiometer and the voice each play their part in the investigation of the auditory apparatus. The audiometer reveals degrees of hearing loss for pure tones so slight that they do not affect the ordinary speech test; and in the case of the severely deafened it indicates the class of hearing aid that is most likely to be of help. When we come, however, to the actual choice of a hearing aid, some form of speech test is essential.
In comparing audiograms with speech tests in a quiet room, a patient with a noticeable loss in the high tones is able to distinguish the spoken and sometimes even the whispered voice at 20 ft., although in such cases it is the whispered voice that is the first to be reduced. In the slighter degrees of high-tone loss difficulty in distinguishing the voice may only be apparent in a noisy surrounding, a state of affairs one usually tries to avoid when hearing tests are in progress.
Speech tests are helpful when the hearing loss is not severe, and especially when comparing the acuity for the spoken and the whispered voice. In the more severe degrees of deafness when the spoken voice can barely be heard the speech test does not tell us so much. A disadvantage of the speech test as a method of recording the hearing capacity is the difficulty in ensuring a uniform level of loudness for the voice. Also records of speech tests rarely indicate whether numbers, single words, or sentences have been employed to make the test. These drawbacks have largely been overcome by the use of standard words or sentences and the gramophone audiometer where series of numbers are spoken by a voice in known steps of decreasing loudness.
Finally, we must guard against comparing tests that are not strictly comparable.
The pure-tone audiometer gives us valuable information about the integrity of the auditory apparatus with reference to the threshold of hearing, but this does not mean that any loss at this level is necessarily the same at the level of speech sounds.
Mr. F. W. Watkyn-Thomas said that whilst the audiometer was a most valuable instrument in the investigation of deafness, especially high-tone loss, he did not accept the audiometer findings as a true picture of hearing capacity. The marked divergence between clinical findings and audiometric curves had been brought out in the examples 246 Proceedings of the Royal Society of Medicine 30 just shown by Mr. Mollison. The audiometer was an instrument of precision, but the defective ear of the patient was not. It was otherwise in ophthalmology, where the patient either knew or did'not know that a letter shown him was Z or whatever it might be. But the patient heard at one level of stimulus and at another level of stimulus he did not hear, and the investigator did not know what the patient actually did hear and could not tell how the stimulus was interpreted. Dr. Kobrak, at University College Hospital, was at the present time trying experimentally to work out this question. He would limit himself to one of Dr. Kobrak's observations. In many cases there was a considerable difference in the threshold according to whether one reached it by starting with the sound the patient' could hear and working down until the hearing disappeared, or, on the other hand, starting from zero loss and working up until the 'sound was heard. The width and the form of that threshold band had given facts of clinical significance.
Mr. Scott Stevenson said that the real truth was that a clinical picture of the deaf patient had to be arrived at, and as they worked, not in the laboratory as Dr. Ewing did, but in the consulting room and the hospital, they had to make use of all available tests. He himself always used tuning forks for the low notes, then an audiometer, and he also used speech and whisper, and if there was any question of very high notes he used the monochord. The advantage of the audiogram was that the records could be checked up a second time, and this was much more valuable than the mere statement of a personal opinion as to the reaction to the voice or whisper or the tuning fork. Clinicians had to work on the combination of their findings with these different tests, but if he himself were limited to one test only he would give up the tuning fork and the voice test in favour of the audiometer.
Mr. C. S. Hallpike said that if it was a question of carrying out pure-tone tests, then the audiometer was the instrument to use. Pure-tone tests were worth doing, though correlation of such tests with hearing for conversation seemed a more difficult matter. As Mr. Cawthorne had stated, audiometric tests were tests of threshold, whereas in ordinary life the ear worked at a level some 60 decibels above the threshold. Dr. Fowler, senior, of New York, had done some interesting work on that point in cases of unilateral internal ear deafness, and he found that although there might be a difference at threshold of some 30 or 40 decibels, nevertheless, if the intensity at each ear were increased by about 20 decibels, then the difference in loudness was much reduced and disappeared with further equal increases of intensity up to conversational level. In other words, although the two ears might work very differently indeed at the threshold as measured by the audiometer, at the working range of the ear the " bad " ear worked as well as the " good ". This arose from the fact that the ear worked with neural units, sensory cells, and nerve-fibres, which obeyed an all-or-nothing law and was a specific instance in which threshold tests would be misleading.
In audiometric tests the signal might be considerably distorted by the ear, but so long as the patient heard at all, the correct answer would be given. Distortion would interfere much more, at any rate at first, with the recognition of the complicated wave forms of speech, which was, after all, the most important function of the ear.
Sir James Dundas-Grant said that though the audiometric tests represented a distinct advance they could not afford to abandon the other tests. He had considered these a great deal, and he would refer to a scheme' for the measurement of loss of hearing in decibels by means of tuning forks which he had published in the Lancet of November 2, 1935. Anyone could see enormous value in the audiometer for testing large numbers. When it came to the individual patient there was one hearing test 31 Section of Otology 247 which had considerable value, namely, what the friends and members of the family of the patient said with regard to the progress or otherwise of his hearing. If they said that he heard better than before, the clinician might be sure that he did so but the converse did not necessarily follow.
Dr. H. Frey said that while the audiometer had improved the machinery of testing it had not done away with the difficulties which were inherent in the fact that hearing tests were essays in experimental physiology and psychology. It was true that a difference resulted according as to whether the testing started from a higher intensity and worked downwards or from a lower intensity and worked upwards, but that was a difference of value which pertained to every kind of similar experiment. The threshold was not a sharp line but a broad band, and this being so, perhaps an average might be attempted.
He had found long ago with patients who had suffered from acute otitis or acute middle-ear catarrh, and who were examined regularly by speech tests, by tuning forks and to some extent by the audiometer, that long after the patient had regained his full hearing power for speech, whisper, and so on, the tuning fork tests did not become normal again. This might go on for many weeks, sometimes for months.
Audiometric results did not give a full assessment of the patient's hearing, The hearing of speech depended as much on psychological conditions as on physiological ones.
Dr. F. W. Kobrak said that it was very important to bear in mind the difference between testing for single tones, especially pure tones, and the combination of tones and rhythm. He had had the opportunity of testing the instrument at a hospital and had been somewhat surprised at the disparities between the findings and those obtained with the tuning fork. He had started by supposing that the tuning fork and the audiometer tests would be the same, but they were not the same, they were in fact quite different. The audiometer was undoubtedly interesting, but he could not help thinking that it would be a great mistake to accept an audiogram as a test of efficiency. There were also some valuable possibilities in the tuning fork, especially in respect to the decay of vibration, and in his view it would not be right to abandon the tuning fork in favour of the audiometer. The features of the tuning fork were so important and so closely related to the efficiency of hearing that it would be a great mistake to give the instrument up.
Dr. A. W. G. Ewing, in replying to the discussion, said that the remarks of speakers seemed to have proceeded on two lines; first of all, with regard to the interreliability of audiometric methods of testing and other methods, and how far the results of the one method were consistent with those of the others, and, secondly, to what extent the results of audiometric tests furnished information which it was necessary to have concerning the patient's state of hearing.
As to the first point, there had been a good deal of discussion regarding the relative reliability of audiometric tests as compared with tuning-fork tests. The point, he thought, was best answered in this way. If one went to the National Physical Laboratory or to the laboratories of any physical research engineer in this country to-day, one would find that reliance was placed on electrical methods of producing sound. The engineer could control his sound field by electrical methods to an extent which he could never hope to do by means of a fork.
On the question of relative reliability of the various tests, reliability was, of course, a question of whether it was possible to reproduce the results in the patient on a number of occasions. Dr. Ewing did use voice tests as supplementary to the audiometric tests, but it was his experience that it was only when the consonants played an important part in the voice tests that such tests were really reliable. If the importance of consonants were cut out and reliance placed on numbers which the patient could recognize, if he was intelligent, by noticing the duration of the sound, and the vowels, there was no consistency between the results obtained with these tests and those with audiometric tests. But the more searching the voice test, the more important part did the consonants play in the material used, and the nearer one got to absolute consistency between these and the audiometric tests.
A patient's capacity to hear at threshold was a test of his capacity to hear under working conditions, because, of course, in conversation the loudness had to rise to 60 or 70 decibels above the threshold for maximum distinctness to be achieved.
Mr. Hallpike had raised the question of Dr. Fowler's paper. Dr. Fowler found that when there was much greater deafness in one ear than the other a tone of a given intensity, in certain types of case, gave an experience of equal loudness no matter to which ear it was presented. When it was a question of 60 decibels above threshold, for example, the capacity of the " deaf"' ear might appear to be the same as the normal ear. But he believed that was only the case in nerve deafness, not in middle-ear deafness. There was no doubt that the equal loudness curves, which had been plotted out by physicists for normal ears, held good, in internal ear deafness, for deaf ears also. The form of audiogram made by the Maico Co. gave not only intensity levels but equal loudness curves. If one had a deaf patient, supposing he could hear at all with his affected ear at 60 decibels above threshold (to repeat the previous example), the sound would be equally loud to him in his affected and in his unaffected ear at that same intensity level. But that was just a further extension of their knowledge concerning hearing. It was not in any way a handicap to the use of audiometric methods.
As regards the question of correlation, surely it might be said, as one speaker had pointed out, that every hearing test was a psychological experiment, and in clinical work it was not always possible to get exact results. But the question when different methods of testing hearing were compared was how near one could get by the different methods, and the bearing of his own work had been to show that they could get nearest to the truth by audiometric methods. There were these cases of quality deafness and there the threshold would not afford complete information of the extent of the handicap in hearing speech. Statistically he did not know how often such deafness occurred, though he hoped it would be possible to state this authoritatively within a short time, but from the tests on more than 1,000 patients-indeed, on nearly 2,000-it appeared that such cases were very few and far between. In the majority of cases if there was uniform loss one had onlv to look at the middle of the range and one would see at once whether the patient could be expected to hear in a public auditorium or could only hear loud speech at 3 feet distant or a whisper close to his ear. A patient with 20 decibels loss at 1,000 -would hear speech in an auditorium with the greatest difficulty, perhaps with so much difficulty that he would become tired. With high-tone loss there was no possibility of hearing in an auditorium really satisfactorily; the patient might endure the discomfort and strain, but he did not hear everything that was said nor anything like it.
